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In recent years, there has been growing interest in the design
and synthesis of terpolymer resins because of their special
properties and potential applications in ion exchange, waste
water treatment, organic synthesis, hydrometallurgy, cataly-
sis, and separation of trace elements (Kaliyappan and
Kannan, 2000; Finn and Zibieta, 2001; Patel et al., 2004).
The terpolymer ligands are characterized by the presence of
reactive functional groups of O, N and S, in the polymer ma-
trix capable of coordinating to different metal ions. The
materials most often show preferential selectivity towards
certain metal ions. The selective behaviour is primarily based
on the stability of the polychelates at appropriate pH values.
A literature survey reveals that terpolymer derived from
substituted hydroxy or dihydroxy urea or thiourea or biuret,
oxamide or dithiooxamide, melamine with formaldehyde res-
ins show improved ion exchange properties, thermal resis-
tance properties, coordinating properties, and good storage
stability, etc. (Joshi and Patel, 1983; Patel and Patel, 1993,
1990; Patel et al., 1995; Gurnule et al., 2002, 2003).
Cresol–aldehyde condensates are used in the manufacture
of light sensitive materials, which are sometimes called pho-
toactive components (Bajia et al., 2007). Resins synthesized
from phenol, or phenol derivatives, or a mixture of both with
formaldehyde are useful for the production of positive
photoresistant materials (Tohmura et al., 2001). Microﬁbres
and nanoﬁbres used for ﬁlter materials with improved phys-
ical and chemical stability are produced with phenolic resins
(Popat et al., 1994). The study of the thermal degradation of
copolymer resins has recently become a subject of interest.
Hydrochloric acid condensation of 2,4-dihydroxypropiophe-
none, biuret, and formaldehyde yields a copolymer resin
which is proved to be a chelate ion exchanger (Tarase
et al., 2008). Varied molar proportions of p-cresol and mela-
mine with formaldehyde copolymers are synthesized by the
condensation of p-cresol and melamine with formaldehyde
in the presence of an acid catalyst. The order of thermal sta-
bility of copolymers has been determined using TGA (Singru
et al., 2008). A chelating ion exchange resin is synthesized
from 8-hydroxyquinoline and catechol using formaldehyde
as a cross linking agent in DMF solution. The thermal sta-
bility as well as ion exchange characteristics of the synthes-
ised resin are reported (Shah et al., 2008). Ion-exchange
properties of terpolymer resin derived from 8-hydroxyquino-
line-5-sulfonic acid, thiourea, and formaldehyde are studied
for Cu2+, Ni2+, Co2+, Pb2+ and Fe3+ ions (Mane et al.,
2009). Synthesis and structural elucidation of a terpolymer
derived from 2-hydroxyacetophenone, melamine, and formal-
dehyde is reported (Gupta et al., 2008). Nitrilotriacetic acid–
melamine–formaldehyde is a porous chelating gel resin
capable of removing Cu2+ ion from synthetic waste water
(Baraka et al., 2007). Another chelate ion exchange resin
synthesised by the condensation of salicylic acid and formal-
dehyde with resorcinol in the presence of DMF is alsoreported (Shah et al., 2007). The present communication
deals with the synthesis of o-cresol, thiourea and formalde-
hyde [OCTUF] resin in acidic medium. This work enumer-
ates the characterization, thermal studies and systematic
investigation of ion selectivity of the terpolymer as an ion
exchanger.2. Experimental
2.1. Materials and methods
o-Cresol and thiourea were Analytical Grade reagents and used
as received from Loba Chemicals, Mumbai. Formaldehyde
(37%) was used as received from Qualigens Fine Chemicals,
Mumbai. Metal ion solutions were prepared by dissolving
appropriate amount of metal nitrates in double distilled water
and standardized by complexometric titration. The other
chemicals and solvents procured from Qualigens were used
as received without further puriﬁcation.
2.2. Synthesis of OCTUF terpolymer
The terpolymer (OCTUF-1) was synthesized by the condensa-
tion of o-cresol and thiourea with formaldehyde in the mole ratio
of 1:3:5 in the presence of 2 M HCl catalyst. The mixture was
heated at 140 ± 2 C for 5 h (Jadhao et al., 2005, 2006, 2009;
Singru et al., 2008). The contents of the ﬂak were shaken period-
ically to ensure homogenous mixing. After the reﬂuxing period
was over, the contents of the ﬂask were poured into crushed
ice with constant stirring and left overnight. The separated white
coloured resin was ﬁltered off andwashed several times with cold
water followed by hot water and chloroform for removing unre-
acted monomers. Finally the resin was puriﬁed by dissolving in
10% NaOH and reprecipitating with 1:1(v/v) conc. HCl/water.
The resin thus obtained was washed with cold water followed
by hot water and dried in vacuum at 100 C. The yield of the ter-
polymer is 76%. The reaction route is shown in Scheme 1.
2.3. Characterization
The molecular weight of polymer sample was determined using
gel permeation chromatographic technique, using Shimadzu –
(Japan) instrument with refractive index detector and polysty-
rene column is used to determine the molecular weight of
OCTUF-1 resin synthesized. The polymer sample was dis-
solved in 100% HPLC grade THF and 20 lL of the sample
solution was injected and the chromatogram was recorded.
The FTIR spectra were recorded using Shimadzu FT-IR spec-
trometer, using KBr pellet. 1H NMR spectrum of newly syn-
thesized copolymer resin has been recorded by using Bruker
300 MHz NMR spectrometer using DMSO-d6 as solvent.
The thermal analysis of the OCTUF-1 was recorded in atmo-
spheric air at a heating rate of 20 C per minute in Thermal
Analyser Instruments model SDT Q600.
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Scheme 1 Synthesis of OCTUF terpolymer resin.
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2.4.1. Determination of metal uptake in the presence of
electrolytes of different concentrations
The ion exchange properties of the OCTUF-1 terpolymer resin
were determined by the batch equilibrium method. The poly-
mer sample (25 mg) was suspended in an electrolyte solution
(25 mL) of known concentration. The different electrolytes
used here are NaClO4, NaCl, NaNO3 and Na2SO4. The pH
of the suspension was adjusted to the required value by using
either 0.l M HNO3 or 0.l M NaOH. The suspension was stirred
for 24 h at room temperature. To this suspension 2 mL of
0.1 M solution containing the metal ion was added and the
pH was adjusted to the required value once again. The mixture
was again stirred for 24 h and ﬁltered. The solid was washed
and the ﬁltrate and washings were combined and the metal
ion content was determined by titration against standard
EDTA. The amount of the metal ion uptake of the terpolymer
was calculated from the difference between a blank experiment
without the terpolymer and the reading in the actual experi-
ments. The experiments were performed in the presence of sev-
eral electrolytes with seven different metal ions: Fe3+, Co2+,
Ni2+, Cu2+, Zn2+, Pb2+ and Cd2+.2.4.2. Evaluation of the rate of metal uptake
In order to estimate the time required to reach the state of
equilibrium under the given pH, experiments of the type de-
scribed above were carried out, in which metal ion taken up
by the chelating resin was estimated from time to time in the
presence of 25 mL of 1 M NaNO3 solutions. It was assumed
that, under the given conditions, the state of equilibrium was
established within 24 h. The rate of metal ion uptake is ex-
pressed as the percentage of the amount of metal ions taken
after a certain time related to that in the state of equilibrium.
The distribution of each one of the seven metal ions, ie Fe3+,
Co2+, Ni2+, Cu2+, Zn2+, Pb2+ and Cd2+ between the poly-
mer phase and the aqueous phase was estimated at room tem-
perature and in the presence of 1.0 M NaNO3 solution.
2.4.3. Evaluation of the distribution of metal ions at different pH
The distribution of each one of the seven metal ions, Fe3+,
Co2+, Ni2+, Cu2+, Zn2+, Pb2+ and Cd2+ between the poly-
mer phase and the aqueous phase was estimated in the pres-
ence of a 1 M NaNO3 solution. The experiments were
carried out as described earlier at pH 2.0, 2.5, 3.0, 3.5, 4.0,
4.5, 5.0, 5.5, and 6. The distribution ratio D is deﬁned by the
following relationship:
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Weight ðin mgÞ of metal ion present in 1 mL of solution3. Results and discussion
3.1. Molecular weight measurement
The molecular weight of polymer sample was determined using
gel permeation chromatographic technique. The number aver-
age molecular weight, weight average molecular weight,
z-average molecular weight of OCTUF-1 were calculated as
9218, 11,054 and 12,793, respectively.3.2. Spectral studies of OCTUF-1 resin
The composition and the structure of the terpolymer were as-
signed on the basis of FTIR, and 1H NMR spectroscopy
techniques.Figure 1 IR Spectru
Figure 2 NMR Spect3.2.1. FTIR spectral study
The spectrum of OCTUF-1 resin is shown in Fig. 1. A broad
band in the region 3300 cm1 is assigned to the stretching
vibrations of phenolic hydroxy groups which exhibit intermo-
lecular hydrogen bonding i.e., –OH phenolic intermolecular
polymeric association (Patel et al., 1995; Manjusha et al.,
2005). A medium peak appeared at 2920 cm1 due to stretch-
ing vibration of methylene bridge associated with aromatic
ring in the polymer matrices (Bhavna et al., 2007; Pancholi
and Patel, 1991). A strong peak at 1699 cm1 is assigned for
the presence of CS –NH– group (Pancholi and Patel, 1991).
A peak at 1541 cm1 can be considered as composition band
of C–N and C‚S stretching (Nakanishi, 1964). A strong peak
at 1481 cm1 is due to methylene bridge associated with ben-
zene ring (Bajia et al., 2007). A strong peak at 1195 cm1 is
due to the presence of phenolic OH.
3.2.2. 1H NMR spectral study
1H spectrum of OCTUF-1 was shown in Fig. 2. A singlet at
10.95 d shows the presence of phenolic OH group involvedm of OCTUF-1.
rum of OCTUF-1.
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Usually aromatic protons appear at 6.5–8.5 d which is also rea-
lised here. A doublet at 7.9 d is responsible for C 5 – H. A trip-
let at 7.6 d is assigned for C 4 – H. Another doublet at 7.2 d is
due to the C 3 – proton. A triplet at 7.0 d is because of the pres-
ence of the amido proton of – CH2–NH–CS linkage (Rahang-
dale et al., 2008). Intense signal which appeared in the region
3.0–3.5 (d) ppm may be due to protons of methylenic bridges
(Ar–CH2–N) of polymer chain (Mane et al., 2009). Another
strong singlet at 2.5 d is assigned to methyl proton of
Ar–CH3 (Singru et al., 2008). Based on the spectral data
obtained from FTIR and 1H NMR, the structure of the syn-
thesized OCTUF-1 terpolymer resin is shown in Scheme 1.
3.3. Thermogravimetric analysis
Thermograms of (TGA andDTG) of the terpolymer OCTUF-1
is shown in Fig. 3. The TGA data of the resin shows 10%
decomposition at 268 C. The 30%, 50% and 70% decomposi-
tion occurs at 367, 473 and 501 C, respectively. The examina-
tion of thermogram reveals that resin sample undergoes
degradation in two steps in the temperature range 30–550 C.
The ﬁrst step decomposition starts at 274 C which extends up
to 297 C involving 20% weight loss. The second stepFigure 3 TGA and DTG th
Table 1 Kinetic data of the thermal decomposition reaction of resin
method.
Stage T range (C) Tmax (C) Ea (kJ mol1) A (s
1 274–297 285 30.45 8.3
2 471–520 495 47.36 16.0decomposition begins at 471 C and extends up to 520 C with
84%weight loss. It is very difﬁcult to draw any conclusion from
the magnitude of the thermal activation because the decompo-
sition mechanism is expected to be quite complex (Shah et al.,
2008).
The thermogravimetric analysis has proved to be a func-
tional analytical technique in evaluating kinetic parameter
such as activation energy (Ea), enthalpy of activation (H), en-
tropy of activation (S), free energy of activation (G), and pre-
exponential factor (A), which provides valuable quantitative
information regarding the stability of the material. Various
methods have been proposed to estimate the kinetic parame-
ters of thermal degradation. In the present communication,
we have employed the Dharwadkar and Kharkhanavala meth-
od (1969) for the estimation of activation energy for thermal
degradation. Thermodynamic parameters such as entropy of
activation, enthalpy of activation and free energy of activation
are calculated on the basis of thermal activation energy which
is given in Table 1.
3.4. Ion-exchanging properties
The results of the batch equilibrium study carried out with the
terpolymer resin OCTUF-1 are presented from Tables 2–4 andermogram of OCTUF-1.
OCTUF-1 calculated by using Dharwadkar and Kharkhanavala
1) S (J mol1 K1) H (kJ mol1) G (kJ mol1)
3 232.53 25.81 129.78
6 229.73 40.97 176.47
Table 2 Evaluation of the effect of different electrolytes on
the uptake of several metal ionsa by OCTUF-1 terpolymer
resin.
Metal ion Electrolyte
(mol L1)
pH Weight (in mg) of metal ion uptake
NaClO4 NaCl NaNO3 Na2SO4
Ni2+ 0.01 5.0 1.57 1.36 1.17 3.18
0.05 2.03 1.65 1.73 2.47
0.10 2.48 2.34 2.48 1.96
0.50 2.86 2.76 3.09 1.16
Cu2+ 0.01 4.5 2.16 1.09 1.12 3.84
0.05 2.92 2.07 1.59 3.47
0.10 3.55 2.62 2.22 2.55
0.50 4.24 3.57 2.76 1.39
Fe3+ 0.01 2.5 1.07 4.37 3.21 2.53
0.05 1.90 1.88 1.47 2.07
0.10 2.42 2.55 1.87 1.18
0.50 2.73 3.01 2.42 0.92
Co2+ 0.01 5.0 3.31 3.87 3.62 0.48
0.05 1.46 1.33 1.53 1.14
0.10 1.93 1.96 2.09 0.92
0.50 2.41 2.49 2.47 0.56
Zn2+ 0.01 5.0 2.71 3.02 2.88 0.39
0.05 1.56 2.71 1.26 0.97
0.10 1.30 1.78 0.81 0.40
0.50 0.81 0.63 0.26 0.14
Pb2+ 0.01 5.5 1.37 1.84 1.96 –
0.05 1.06 1.73 1.56 –
0.10 0.86 1.48 1.06 –
0.50 0.62 0.98 0.68 –
Cd2+ 0.01 5.5 1.35 1.68 1.62 1.67
0.05 1.04 1.34 1.22 1.19
0.10 0.68 1.05 1.01 0.80
0.50 0.39 0.43 0.62 0.31
a [Mn+ (NO3)n] = 0.1 mol/L; Volume = 2 mL; Volume of elec-
trolyte solution = 25 mL; Weight of the resin = 25 mg;
Time = 24 h at room temperature.
Table 3 Comparison of the rates of metal ion uptake by
OCTUF-1.
Metal ion Percentage of metal ion uptake at diﬀerent
periods of time (h)
1 2 3 4 5 6 7
Ni2+ 43.5 52.2 69.6 78.3 87.0 95.7 –
Cu2+ 47.1 53.0 64.8 76.6 88.4 94.3 –
Fe3+ 61.4 77.6 88.0 97.8 – – –
Co2+ 36.3 48.4 62.2 81.5 89.7 94.8 –
Zn2+ 37.5 50.2 66.7 79.7 89.1 97.2
Pb2+ 28.5 40.2 51.3 64.8 76.0 86.7 94.3
Cd2+ 27.3 38.2 50.4 61.9 74.4 83.7 94.9
6 M. Karunakaran et al.in Fig. 4. From the study with seven metal ions along with the
inﬂuence of four electrolytes under limited variation of exper-
imental conditions, certain generalization may be made about
the behaviour of the terpolymer resin.
3.4.1. Effect of electrolytes on the metal uptake
The examination of the inﬂuence of ClO4
, Cl, NO3
 and
SO4
2 ions at various concentrations on the position of the
equilibrium of metal resin interactions are given in Table 2and reveals that the amount of Ni2+, Cu2+, Fe3+ and Co2+
ions taken up by the OCTUF-1 sample increases with increas-
ing concentration of ClO4
, Cl and NO3
, and decreases with
increasing concentration of SO4
2 ion. On the other hand the
uptake of Zn2+, Pb2+, and Cd2+ ions by the above polymer
increases with decreasing concentration of ClO4
, Cl, NO3

and SO4
2. This may be explained in terms of the stability con-
stants of the complexes formed by the metal ions with the an-
ions used in the present study (Tarase et al., 2008). Sulfate ion
form a strong complex with Fe3+, Cu2+ and Ni2+ metal ions
while ClO4
, NO3
 and Cl ions form weak complex with the
same metal ions. Therefore ClO4
, Cl, and NO3
 ions might
not be expected to inﬂuence the position of Fe3+, Cu2+, and
Ni2+ chelate equilibrium as much as SO4
2 does, i.e., the elec-
trolyte ligand–metal ion complex is weak relative to polymer
metal ion chelates. Hence more metal ion can enter complexa-
tion with polymer. Consequently the uptake of metal ion is in-
creased. But if electrolyte ligand–metal ion complex is stronger
than polymer–metal ion chelates, then more metal ions form
strong complexes with electrolyte ligand itself which results
in the reduction of metal uptake capacity of the terpolymer.
In this observation perchlorate, nitrate and chloride ions might
form strong chelates with Co2+, Zn2+, Cd2+, and Pb2+ ions.
Therefore, the uptake of these metal ions decreases with
increasing concentration of such electrolytes employed. This
trend has also been observed by other investigators in this ﬁeld
(Jadhao et al., 2008; Butoliya et al., 2009).
3.4.2. Rate of metal ion uptake
The rate of metal ion adsorption was determined to ﬁnd out
the shortest period of time for which equilibrium could be car-
ried out while operating as close to equilibrium conditions as
possible. Table 3 shows the dependence of rate of metal ion up-
take on the nature of the metal.
The rate refers to the change in the concentration of the me-
tal ions in the aqueous solution, which is in contact with the
given polymer. The results show that the time taken for the up-
take of the different metal ions at a given stage depends on the
nature of the metal ion under given conditions. It is found that
Fe3+ ion required about 4 h for the establishment of equilib-
rium while Co2+, Ni2+, Cu2+ and Zn2+ ions required about
6 h for equilibrium. Pb2+ and Cd2+ ions required almost 7 h
for equilibrium. The rate of metal ion uptake follows the order
Fe3+ > Co2+  Ni2+  Cu2+  Zn2+ > Pb2+  Cd2+ for
the terpolymer OCTUF-1 (Patel and Patel, 1979, 1981;
Manavalan and Patel, 1983).
3.4.3. Distribution ratios of metal ions at different pH
The effect of pH on the amount of metal ions distributed be-
tween two phases can be explained by the results shown in
Fig. 4. The data on the distribution ratio as a function of
pH indicate that the relative amount of metal ions taken up
by the OCTUF-1 terpolymer increases with increasing pH of
the medium (Jadhao et al., 2008; Tarase et al., 2008; Singru
et al., 2008). The study was carried out up to a deﬁnite pH va-
lue for the particular metal ion to higher pH values. The in-
crease in magnitude, however, is different for different metal
cations. The OCTUF-1 terpolymer resin take up of Fe3+ ion
is more selective than any other metal ions under study. The
lower distribution ratio of Fe3+ may be attributed to steric
hindrance (DeGeiso et al., 1962). Amongst the other metal
Table 4 Distribution ratio D of different metal ions as a function of the pH.
Metal ion Distribution ratio of the metal ion at diﬀerent pH
2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5
Ni2+ – – 96.2 124.2 184.3 248.3 513.3 808.3 1168.1 1220.4
Cu2+ – – 104.9 176.3 302.4 432.7 943.8 1186.4 1482.7 1641.6
Fe3+ 234.9 486.6 – – – – – – – –
Co2+ – – 48.8 94.9 160.0 224.7 320.2 472.4 586.7 611.9
Zn2+ – – 36.3 79.2 96.3 122.6 241.1 306.2 343.1 368.4
Pb2+ – – 30.1 40.6 67.7 91.3 119.0 193.2 221.6 243.8
Cd2+ – – 12.8 26.3 33.7 69.1 94.4 186.9 214.6 257.2
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Figure 4 Comparison of the rates of metal ion uptake by OCTUF-1.
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more selectively. The other four metal ions Co2+, Zn2+,
Cd2+ and Pb2+ have a low distribution ratio, D, over the
pH range 4–6. This could be attributed to the low stability con-
stants, i.e., the weak ligand stabilization energy of the metal
complexes. Thus, the order of selectivity of metal ions by the
terpolymer was found to be Fe3+ > Cu2+ > Ni2+ >
Co2+ > Zn2+ > Cd2+ > Pb2+. The similar trend has been
observed by earlier investigators (Pal and Kharat, 1989;
Gurnule et al., 2002). Thus, the results of such type of study
are helpful in selecting the optimum pH for a selective uptake
of a particular metal cation from a mixture of different metal
ions. For example, using the OCTUF-1 terpolymer resin as ion
exchanger, at pH 6.5 the distribution ratio D for Ni2+ and
Pb2+ are 1220.4 and 243.8, respectively. The huge difference
in D will be useful for the active separation of these ions form
any mixture. Similarly for the separation of Cd2+ and Fe3+
the optimum pH is 2.5, at which the distribution ratio D for
Cd2+ is less than 5.0 and for Fe3+ is 486.6. The lowering in
the distribution ratio of Fe3+ was found to be small and hence,
efﬁcient separation could be achieved. As the pH of the med-
ium increase to 3.0 and above, the amount of metal adsorbed
by the polymer also increase. From the results of distribution
ratio it can be observed that the polymer shows highest afﬁnity
for Fe3+ whereas least afﬁnity for Cu2+. Because of theconsiderable difference in the adsorption capacity at different
pH, OCTUF-1 may be utilized for the separation of particular
metal ion from any admixture.
4. Conclusion
A new terpolymer OCTUF-1 has been synthesized by condens-
ing o-cresol, thiourea and formaldehyde in the presence of
hydrochloric acid catalyst. The average molecular weight of
the polymer is 11,054. The polymer has good thermal stability
and undergoes a two stage thermal degradation.
Chelating properties of the polymer with various metal cat-
ions are found to be pH dependent. For each metal ion the
optimum chelation was observed in a particular pH. So the or-
der of chelation of various metal ions with the terpolymer is a
subject of interest for employing the terpolymer to separate a
metal ion in a solution. Though the polymer was able to ab-
sorb a host of metal ions the study shows that it was also selec-
tive and preferential to a few metal ions like Fe3+, Co2+,
Ni2+, Cu2+, Zn2+, Pb2+ and Cd2+. The most preferential
selectivity was found to be Fe3+ ion indicating that this ter-
polymer will be a good scavenger for the removal of metal ions
in any treated solution. Therefore the terpolymer can be used
as an ideal metal ion exchanger in efﬂuents and other type of
waste water.
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